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DAMAGE THRESHOLD DEPENDENCE OF MULTILAYER LASER

MIRRORS ON COATING DESIGN

Wu Zhouling and Fan Zhengxin, Shanghai Institute of Optics and

Fine Mechanics, Chinese Academy of Sciences

Abstract: The damage threshold of Ti.,SiO2 and ZrO 2/Si0 2

coatings with different structures--A(HL)mHG,

A[(2p+l)HL]m(2p+l)HG and A[H(2q+I) L.]mHG--were measured. The

results showed a strong dependence of damage resistance on

coating design. Generally, an increase in film thickness of the

high refracting component (especially up to p=2) leads to a

strong decrease in laser damage resistance, while all the systems

had an increase in damage threshold with an increase in thickness

of the low refracting component up to q=2. The damage threshold

of the q=3 systems is commonly higher than that of q=O systems.

For the systems with q greater than 3, damage resistance

decreases very rapidly, becoming much lower than that of the

standard systems with q=O.

In this paper, the above results are preliminarily described

and analyzed, with respect to the mechanism of laser damaqe of

optical coatings, with the measurement of optical losses and a

study of the effect of protective film thickness.

Key words; optical coating, laser damage! optical losses.



I. Introduction

Laser dane to thin coating films results from interaction

between the lasezr and the thin film, relating to two aspects of

the thin filx and the laser. The correct realization of the

experimental role of these aspects is helpful in elucidating the
laser damage mecftanism of optical thin films and to raise the

damage threshold value of film ccatings [1,2].

By citing an example of Ti /SiO 2 and Zr0 2/SiO 2 medium

reflecting films, the article studies the effect on the laser

damage threshold of different film system structures:

A(HL)mHG, A[(2p+I)HL](2p+I)HG and A[H(2q+l) LImHG. It was

discovered that the laser damage threshold of the optical film

system decreases simple-harmonically with an increase in the

thickness of the high refractive index medium layer. However,

with increasing thickness of low refractive index medium layer,

first the laser damage threshold value improves to a greater

extent, simple-harmonically; then, while (2q+l)>7, the laser

damage threshold of the related film system rapidly decreases,

considerably lower than that of the standard film system

A(HL)mHG.

According to preliminary experimental results of the

thickness effect with optical loss measurements, a preliminary

discussion is made on the laser damage mechanism of optical thin

films.

II. Experimental Section

1. Preparation of specimens: all specimens are vapor-coated

onto a substrate of K9 glass. Tanle 1 sthows the deFign Gf the

film system, the technical conditiozns, aria e r:etctive idexes

of the film materiais.



TABLE 1. Coating Design Deposition Parameters and
Refractive Indexes of the Specimens Investigated
(lambda=l . 6micrometers)

N o._Material deEign depositionI

(ieia p. q) Aj:(2p+1)3(2q+1)L]sk2p+1)HG parameters

1 HiTiO2  (0, 0) J(BL)3HG Fij 2.40

evaporation "L-1
4 6

2 '1, 0) J(3HZ)3 3HG T. -2200C

3 (2, 0) A(5HL) 5 EG

4 (0, 1) -4(H3L)sEiG Tb.YLg-400*C

5 (0, 2) A(H5L)3HG

6 (1. 3) A(H7L)3HG

7 H.Zxo. (0. 0) A(HL)3HG H10

L;SiO, a-14

8 (1, 0) A(3HL)33HG

9 (2, 0) A(5R-L)3,-HG E

10 (0, 1) A(H3L;'HG evaporation

11 2C ) A OF51'2 FiG T,-2o'c.
12 A 0 ~ E7.L 3H T~ 0C

2. Experimental method: Fig. 1 shows the experimental setup

for laser damage. Table 2 lists the experimental data. The

damage experiment adopts the 1-on-i approach; in other words,

only a single laser exposure is made on the same position on the

specimen surface, notwithstanding how much damage received by the

position. The damage situation in the specimen is determined by

the subsequent observation with a high power microscope. The

damage threshold is defined by the traditional threshold in the

following equation [321:
Flb = [E.(ND') A-E,(D)]

In the equation, Eirax(110) is the highest energy quantity causing

no damage to the specimen; Ernin(D) is t-he lowest energy quantity

-ausing specinen damage.. A is the area of the radiatilon light

spot on the specimen surface.

By adoptinq the chermal diffractIon tachnique of pulseed

licht, the abscrpticn of '-hc experine-nta2 f ilm system Ls mea(--3surE.ct

5~The &~~i.etisetup ~s a --ol' near- lay-zut; t her

I1--r"S, the- rlirl;Ip Lriq 1 :lt(i:YC,~t:' ~~ceir is



parallel to the measurement light in a near-collinear relation

[6], as shown in Fig. 2. This method is used to measure the

light absorption of a multilayer medium film with sensitivity

approximately at 10-5 , and the repeated precision better than

10%. The measurement of the total integrated scattering by the

film system was carried out at a laser thin film scattering

measurement instrument developed by the Shanghai Institute of

Optics and Fine Mechanics. The instrument employs a He-Ne laser

as the measurement light source, and adopts the technique of

optical modulation, weak signal synchronous phase locking with

sensitivity of 10-5 and a relative measurement error in excess of

15% [7,8].

TABLE 2. Experimental Parameters of Damage Testing

wavelength 1.06 Mm

mode TEM

ru se width (F HM) 10as

SIItsize 1,J' .'e2  44 um

lil Nd:YAG Nd-.YAG Nd:YAG ( l

r---/ ~ ~ F n, , "--JI nn n \
La B,•.8 lens sample

attenLator microscope

Fig. 1. Experimen-tal setup for damage testing
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probe beam

pump team B.S. len

lens _-
sample,

position detector

Fig. 2. Schematic diagram of pulsed collinear
photothermal deflection technique

III. Results and Discussion

Table 3 shows the measurement and test results of the laser

damage threshold values and the optical losses of the thin film

specimens that were measured. If these results are expressed in

curves, refer to Fig. 3. From Table 3 and Fig. 3, we can see the

following:

I. The laser damage threshold apparently relies on the film

system structure. As a general rule, with increase in the

thickness of the high refractive index medium layer, the laser

Banage threshold decreases simple-harmonically. However, with

increasing thickness of the low refractive index mediur layer,

first the laser damage threshold improves relatively speaking, in

greater amplitude simple-harmonically than when (2q-l) -7 or the

laser damage threshold of the film system rapidly decreases,

becoming considerably lower than the damage threshold of the

standard tilm 3ystem A(HL) 3HG.
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Fig. 3. Representation of the experimental results
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TAB3LE 3. Measured Damage Threshol.ds and Optical
Losses of the Samples investigated

dat sample

F.0±1. CW2 5.1±1.2 15.2±1.8 [20.3±2.0 6.0:3.2

.A1-)7.1±0.5 9_5±0.8 J11.2±1.0 7.6±0.7 7.4±0.5 7.8±0.7

S(1O-4) 3.28±0.27 6.58±0.72 7.3±0.81 3.15±0.22 3.01±0.21 10.4±4.3

dazte sample

87 8,S 9  S1 U 1

F,,(J cm2) 162'~ 10.3±3.1 6.4±2.8 IS.4±1.6 25. 1±-1 .8 5.8±3.3

41 10 -4) 1. 6:t0. 6 9.8± 1.2 13.2±1.8 6. 2 __0. 6 4.4 ±0.8 6.9 0.7

S'10-4) 7.83± 0.25 i!.1±0.31 17.3±2.8 6. Z±0.19 6t.70:!0.20 IJ. 2 ±3-4

2. Absorption and scattering losses also exhibit a higher
dependence on the film system structure. The general rule is as
follows: with increase in the medium layer thickness of the
higher refractive index, specimen absorption and scattering
increase simple-harmonically; however, with an increase in medium
layer thickness of the low refractive index, on the one hand,
specimen absorption does not basically change; on the other hand,
first specimen scattering slightly decreases, then rapidly
increases. This phenorenon is just in contrast to the foregoing
for rapid decrease in damage threshold.

By analyzing the above-mentioned experimental results, some
pre2.i~linary conclt;sions can be draw.



1. Absorption of the high refractiv'. index medium layer and

the volumetric scattering contribute importantly to the overall

ibsorption and overall scattering of the film system.

2. The laser damage threshold of an optical film system

irops simple-harmonically with an increase in the high refractive

index medium layer; the reason can be explained as follows: an

increase in the thickness of the high refractive index medium

Layer leads to higher absorption; generally, the profile

structure of the high refractive index medium film grows in

:olumnar shape, with an increase in the thickness of the film

Layer, the columnar-shaped structure is gradually coarser and

-oarser, together with an increasing number of defects [9].

3. The laser damage threshold of the optical film system

improves to a great extent with an increase in thickness of the

Low refractive index medium layer; this phenomenon can be

explained by the growth of the microparticle state with fine and

iniform structure, in contrast to the SiO 2 film used for low

refractive index material from the profile structure of most thin

!ilms [9]. Then, in the multilayer film system, SiO 2 has an

improvement function on the boundary surface structure of the

!ilm layers. This improvement function increases with increase

Ln film thickness at the optimal state when 2q+!=5. At that

:ime, if a further increase is made in the low refractive index

aedium layer, due to the stress function, many microcracks form

Ln the multilayer medium film to greatly lower the damage

:hreshold because of a significant increase in film thickness

;cattering.

In addition, the article studies the thickness effect of the

)rctective film of high refractive film; Fig. 4 shows the related

xperiinenta ] resiits. By comparirv. F.' 4 and Fici. 3 (h), it is

asy to obserie that there are very sinilar regularities be~wsr.

.he zo fi.ures. As exp)lae.ried by his pheroveion, t1.e high



refractive film has a protective function as a protective film

with the similar mechanism of raising the damage thrashcld of the

film system in th~e low refractive index film system in a

inultilayer medium film. The low refractive index SiO2 film

improves the mi-roscopic structure adjacent to the high

refractive index medium layer.

5.0

3.0

1.0

A 'A w

2.0

1.0

0 S"

film thickness of overcoat (nd)

Fig. 4. .Film thickness effect ot SiO02 overcoats:
0 - TiO 2,/SiO2 HR; *-Zr02/Si0 2 HR. (index w
indicates measured results of the specimens without
overcoat)

IV. Conclusions

The article studies thie effect of tlilm syss-re- structure on

oo~t ica l,1os se s c t a nu t i av er med i Li rF-f ~c:e f ilmI 7 E--i t le

laser -L3amage thzesiiold. Ln addition, cihiir9lttn

experimental resu-its lr the efc:of frt2'cv il±m tI1C



of the high refractive layer, a preliminary discussion of the

related mechanisms is made, obtaining some preliminary

conclusions. These conclusions have definite instructive bearing

on the design and manufacture of heavy-duty laser thin films.

The measurement and test results of the damae threshold of the

film system can also be used by the appropriate personnel.

The authors are grateful to comrades Fan Ruiying, Lu Yuemai,

Gao Yang, Huang Qiang, Chen Yisheng, Shi Boxuan, and Li Zhongya,

for their assistance and comments on specimen preparation,

measurement and testing.
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